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INTRODUCTION 


Coal for coke procuction is fundamentally necessary for the manufacture of 
pig iron, and pig iron mst be had for making steel - a vital element in our 
modern industrial economy. 


In both World Wars, special effort by Government and industry was re- 
quired to meet the emergency of greatly increased demands. In the first 
World War, lack of coke-oven capacity, rether than lack of coking coals, was 
the principal problem; but in the second World War both oven capacity and 
coking-coal mining capacity were pushed to the utmest. 


Because of inadequate supply, it became necessary to allocate a part of 
the procuction of these coals from other fuel use to coke production. This 
was done by the Solid Fuels Administration. 


These experiences raised a quostion, during and after the war, as to the 
nature and amount of tho minable reserves of coking coal suitable for the 
manufacture of metallurgical coke; and to what extent the lowor-rank and lower- 
grade coals could be utilizod by improving proparation and by appropriately 
blopding different coals. 


Obviously, much investigation and rescarch are required to find answers 
to these questions. Somo work was done by Governmental and industrial agencios 
during the war, and, fortunately, more has been undertaken since the close of 
the war, It is the purpose of this paper to review briefly our fuel reserves, 
with special reference to coking coal, and to discuss the problems of utiliz- 
ing progressively poorer coking coals as the reserves of high-quality coals 
approach depletion. 


FUEL RESERVES OF THE UNITED STATES 


The United States is very fortunate in being rithly endowed with mineral 
fucl resources. On a tonnage basis, we have about 40 percont of the geolag- 
ically estimated cnal reserves of the world, 35 percent of the provod petroleum 
reserves, anc more than 90 percent of the mown world reservos of natural gas. 


The United States is also by far the greatest producer of solid, liquid, 
and gaseous mincral fuels. In 1947 we produced 38 percont of the world produc- 
tion of coal, 60 porcont of all petroloum, and most of tho natural gas. 


Our proportionato rate of producing coal is woll within our proportion 
of tho provod world resorvos, but our annual rate of producing oil far exceods 
our proportion of tho provod world potroleum reserves (sec fig. 1). Therefore, 
to satisfy our large and still incroasing demand for liquid fuel wo mst dis- 
cover more potroloum reservos, import potroleum, or make synthetic liquid 
fuels from natural gas, oil shale, or coal. Probably each of these procedures 
will be employed to some degree. 
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Geophysical prospecting and exploratory drilling are proving addi- 
tional domestic reserves of petroleum at an adequate rate to supply the 
increasing domestic demand, although the cost of discovery is constantly 
increasing. Increasing oil discoveries in South America, Canada, and the 
Middle East are making more oil availeble for importation and for supplying 
the growing demand of foreign countries. The first commercial plant for 
making oil from natural gas will go into operation early noxt year at 
Brownsville, Tex. Tho Bureau of Mines research at Rifle, Colo., has demon- 
strated that licuid fuel can be made from oil shale at a ’ comparative! ly small 
increase in price over those prevailing in the last 2 years; and, finally, 
we have large reserves of coal and lignite that can be converted. to liquid 
fuel as prices of petrolewm rise still further, 


Ultimately. » coal will be the primary source, not only of solid fuels, 
but liquid and gaseous fuels as well, as we shall see from a comparison of 
the coal reserves with those of ‘petroleum and ‘shale and natural gas (s see 


fig. 2). 


The U. S. Geological rey) estimated the total coal reserves of the 
United States, not including Alaskc, at 3.1 trillion tons. This estimate 
includes beds "down to 14 inches thick for anthracite and bituminous coal, 

2 feet for subbituminous coal, and 3 feet for lignite and at depths not 

exceeding 3,000 fect. These are geologically inferred estimates and make 

no ellowance for mining losses, nor do they consider that beds less than 
2 feet pee are neh ‘economically mineble at present. 


As of oe 1, 1949, committees of the American Potroleuit Institute 
and of the American Gas Association estimated the proved reserves of crude 
oil at 23.3 billion barrels and natural-gas liquids at 3.5 billion barrels, 

a total of 26.8 billion barrels, and of natural gas at 174 trillion cubic 
feet, 4/ The Bureau of Mines has estimated the oil recoverable from oil shale 
at about 200 billion barrels (sce table 1) Df 


Assuming that hal? ‘of the. coal reserves are recoverable, our mineral- 
fuel reserves have the following percentage distribution in terms of equiv- 
alent heating values; 


- Seecout 


Inferred minable CGEM card ebeesnasnenuwiewebneeueenawe 95.5 
Recoverable oil from oil BHALC cocegeresecvccevececns 3.5 
Proved petroleum and natural-gas liquids;.a. Terrrrn >) 


Proved natural. BAB wccevescteccccsscoveresesevevccere , 
= | 100.0 


3/ “Mineral Position of the United States, by the staffs of the Bureau of 
Mines and Geological Survey, Hearings before a Subcommittee of the 
Committee on Public Lands, U,:S,.Senate, 80th Cong., First Session, on 
- Investigation of the Factors Affecting Minerals, Fuels Forestry, and 
Réeclemation Projects, May 15, 16, and 20, 1947, Pp. 234, 

4/ O11 and Gas Jour., vol. :47, Nos. 45, Mar, 10, 1949, pp. 44-h5. 
5/ Belser, Carl, 0il-Shale Resources of Colorado, Utah, and Wyoming: 
A.I ME, Pub. 2358, 1948. 
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Whether we consider one-half or one-fourth of the coal reserves as minable, 
or whether two or four times as much oil and gas, as now proved, will be 
discovered, aces still will remain by ao ‘the rae: source of mineral fuel. 


However; at must be. recognized ‘that @& very anne’ eneriboes of the coal 


reserves is of low rank and of low grade, and that mining, to eas has been 
pouneREaTet on the best and most easily mined coal, : 


TABLE 1, - ‘Botimeted recoversble mineral-fuel reserves of the United States= 1/ 


Sle vane py “age Sas | Equivalent billions OF 


Description 


uJ 


Anthracite, billions of 
NOU CONG 65.54. si6 oe sae eee 

Low-volatile bituminous 
coal pee of net 


tons3/ Coe eee tesesecaseses 


High-volatile bitiminous 
coal, billions of net 
ES I SOC OREE 


Subbituminous coal, 


billions of net Cone es 


Lignite, billions of net 


eI Oe San Dp ate 


Total, all ranks of 
coal, billions of 


net CONS secccsces 


Petroleum, billions of 
varrele4/5 ere et eo ee 


Oil from oil shale, 


bit fas 1 Ors ‘Of: barnes 1a e 2.6 6 «@, 


Natural ‘gac; ‘triliions .of 
éubic ° Fawbthe.. vekboetes 


- See footnotes on page 5. 
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' 13,000 B.t,u. per 1b. lasyiaea 
calorific value2/ | by 
‘Reserve, |Assumed | Reserve,’ Percent Assumed jassumed 
iJen. 1, “emnual i Jan, 1, ‘| of total, annual jannual 
11948 or ! produc- | 1948 or’ | fuel . | produc- |produc- 


| 
| | net tons bituminous coal, — 
| 


| 
| 


19k9 =| ~ tion | 1949 .: reserves; tion | tion 
| Of Rk OM. a ape 7 
. % | | | | i 
8 | 0.060 ;. 8 |* 0.6 | 0,059 , 136 
ee eee ees 
26.1.5} 28: ‘32 "1" aa | 226 
an ee ee 
639 ; 467 | 663 ; 52.2] h85 436 
| | 
hoo! Oly 299 | 23.0 : ,010 ! . 
i bh 


a eg = i a mr ee ee ee a ee ee 
- 


| 
26,8! 2 | 6.2) 5 | alll we: 
| 3 ' 
200 8 | 46,0: 3.5 |8/.462 | 100 
j | 
174 -1 6 | 6.7! Be fate Mae 29 
ark > 99 | °3(3 F460 
a 
| al fron 
THE ilener er E UNIV 


Footnotes for Table l, 


1/ Minable coal reserves are taken as half of the coal reserves estimated by 

a the Geological Survey and given in mineral position of United States in 
hearings in. 1947 before tke Committee on Public Lands, U. Ss Senate, © 
and corrected for production to Jan. 1, 1948, Minimum thickness of beds 
included in the Geological Survey estimate is 14 inches for bituminous 
and anthracitic coals, 2 feet for subbituminous coal, and 3 feet for 
lignite. Beds are included to a depth of 3,000 feet below the surface. 

Heating values used in conversion: Anthracite, 12,700 B.t.u. per lb.; 
low-volatile bituminous coal, 14,000 B.t.u. per.1b,; high-volatile 
bituminous coal, 13, 500 B.t. Ue ‘per lb.; subbituminous coal, 9,500 B.t.u, 
per lb.; lignite, 6,700 B.t.u. per lb.; crude petroleum, 6, 000, 000 
B.t.eu.: per ‘bbl.; natural gas, 1,000 B.t.u. per CU. ft. 

Includes some medium-volatile coal, 

Proved reserves as of December 31, 1948, 

Includes'3.5 billion barrels natural gas liquids. 

Not included in the total of column 6, oo a 

946 is the reserve production ratio with no allowance for the approximately 
5° percent thermal losses in conversion of coal to liquid and high-B.t.u. 
gaseous fuels, .. The following calculations allow for such losses on the 
assumption that after present proved petroleum and natural-gas reserves | 
are exhausted, the assumed annual production of those fluid fhels: will. 
be made from coal, Assuming that half a ton of 13,000-B.t.u. coal is 
required to produce 1 barrel of oil and that 1/15 ton (recent calcula- » 
tions indicate 1/12 ton of coal may be required) of 13,000-B.t.u. coal 
is required to: produce l, 000: cubic feet of 1,000-B,.t.u, gas, to supply 


AB) 
™~ 


INI NU eq 
a a a 


@ current annual production. of 2 billion barrels of crude petroleum and” _ 


6 trillion cubic feet of natural gas will require’ the’ conversion, re-° ~~ 
spectively of 1,000 and 400 million tons, or a total of 1,400 million: :*: 
tons, of 13,000-B.t.u. bituminous coal. ere ern tee 


This amount, added to 680 million tons of coal produced per year, would 
raise the total production of equivalent 13,000-B.t.u. coal required per year 
to produce all of the current -consumption of gaseous, liquid, and.solid.fuels.. 
from 680 to 2,080 million tons per year - a little more than three. ‘times. the 
present production, 


In terms of 13,000-B,.t.u, coal equivalent, the sum of the petrolewm, | 
oil-shale, and natural-gas’ reserves (6,2 + 46,2 + 6.7 = 59.1) divided by the 
sum of the annual production of petroleum and natural gas (0.462 + 0. 231 = 
0.693) equals 85 years, the life of these reserves, 


In these €5 years, the total coal production at the assumed annual 
rate of 0,680 billion tons of equivalent 13,000-B.t.u. coal would be 85 x 
0.680 = 57.8 billion tons, thus reducing the coal reserves to 1,240 - 58 = 
1,182 billion tons. ; 


1,182 < 7 2,080 = 568, ve years of life of coal reserves as exclusive 
source of coal, oil, and gas after proved petroleum oil-shale and natural -gas 
reserves are exhausted, : 


568 + 85 = 653 years, total life expectancy of all fuel reserves at 1948 
rate of production of coal, oil, and natural gas, the oil and gas to be made 
from coal, following exhaustion of present proved reserves. 
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RANK AND DISTRIBUTION OF COAL RESERVES . 


Tables 2 anc 3 and figure 3: show the distribution, ‘by rine ae geograph- 
ical location, of the inferred coal’reserves on a heating-value basis. About 
LO percent of the total reserves of coal'and lignite occurs in the Eastern ¢ - 
and Interior Provinces and 60 percent in the Northern Great Plains, Rocky 
Mountain, Gulf, ss ea Cease Tyee eee 


TABLE 2, - coal reserves’ on a B, t ou. ee Sister buted — 
a a aR 
 * _ ranks: and Erovinces | 


| er ° : co 


Billions of net tons cf equivalent. 5,000 B.t.u. coal 


Province Anthracitic: Bituminous |Subbi tuminous jLi mitic; Total 
BRASCOIT . 04060-6084 660 15. O 504, 5 aa ‘ ga Re 8 519.5 | 
TRUGY 1 OF oss 6-4 66s ves se | 


HOUO:, jen, oe 27. Os, | Non.3 
Northern Great Plains, | | Gon lcze. fue 4c 
Rocky Movntain, — | 
Gulf. and Pacific. (| 6 ey, bose oe og be = So | 
CORSt. ceessececre ne. “ede ag be BOT SS _ 507.9 | 484.2 1,470.0 
Totalerrserree 253 dh 383-31 59769 4 Sh, = 2,480.8 


TABIE 3. - Coal reserves on’ a B. t, Uy. basis percentage’ 2 distribution 


Bo ranks and provinces 


‘ Province oe I Matacic Bi tumtnoug ‘Subbituminous ‘Lignitic| Total 
Vas Geri s5 626 vosuas eee . -209 
Interior. sssseereeeeeri ee -19.8 
Northern Great Plains,! ee 
Rocky Mountain, | 
Gulf, and Pacific’ 7 Cn io #-§ are ak. 
Coast. ere oe 6es ec cae = 15.7: ' ; . ok .1 19.5 | 5963 | 
Totalsessessese|/) 0.6 1° 55,8° | obe1l’ ° | 19.5 | 100.0. 


There is a great difference in rank between eastern and western coals, 
Virtually all of the Eastern and Interior Province’ coals, except anthracitic 
coals, are caking bituminous coals. The Appalachian region’ coals are medium 
to strongly coking and’ in 1947 supplied 95 percent of the coal used for making 
coke, 


On the other hand, 75 seneent of ae coals of the Northern Great Plains, 
Rocky Mountain, Gulf, end Pacific Coast Provinces are subbituminous and. 
lignitic. These ee do not cake on heating. As mined, lignite ‘usually 
contains 28 percent to 45 percent moisture and subbituminous coal 15 percent — 
to 25 percent moisture, On exposure to air,.the moisture is given Off. and ~ 
the coal slacks to small pieces... It. is not stable:and cannot te stored for — 
any length of time except under water or in closed bins or in carefully 
covered piles where rapid loss of moisture cannot take place. 
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Northern Great piesne aides Mountain, Gulf, and pacttic Coast Provinces 
Most of. the. Hatin @ioud goat in the Western. ‘States ig ‘free-burning and 
noncaking. Some of it-is. slightly caking but does not become Bee oe 
to form coke that is strong, enough for blast-furnace use,* * othe si 


Relatively small reserves of séo8 coking coal occur in the Trinidad-Raton 
field-of southern Colorado and northern New Mexico, This. coal has been used : 
for some years by the Colorado Fuel & Iron Co. at Pueblo, -Colo,, for making 
metallurgical coke, Bureau of Mines engineers estimate the inferred reserves 
of coking coal in beds 3, feet and more thick as 850 million-tons for the 
Trinidad field and 600 million tons for the Raton field.:-These estimates 
are made on the basis of. U. S. Geological Survey and other data. 


Another scleina=con: reserve ‘of probably greater extent but of poorer 
coking properties occurs. in the Book Cliffs field of eastern Utah and western 
Colorado. The Sumnyside beds in Uteh are supplying the coke ovens at Provo 
and Geneva, Utah, and Fontana, Cals f, This coal has‘a ‘high oxygén content and 
approaches. the Limit of . suitability for making metallurgical coke with adequate 
Physical i for. blast-furnace use, as, 


‘A Bureeu of Mines core-drilling program during and: seqnsaansis after the 
war developed measured reserves of 15 million tons ih’ southwestern Wyoming? 
and 65 million tons of measured reserves in Gunnison’ County, Colo.7 — 
also are high-oxygen eoxing coals and are similar to ‘the Sunnyside coal of 
Utah, 


" Some strongly semue low-sulfur coals occur in Pierce and Kittitas 
Counties, Wash,, but, unfortunately, they are high in ash and are difficult 
to mine owl inz:-to the ’ pitohing and faulting of the béds. ‘Although some coke 
has ‘been made from these coals in past years, none is ‘being made at present. 
The recoverable reserves in Pierce County have been ' estimated at 60 to 120 
miliion tons. - , 


The Northern Great Plains, ‘Rocky Mountain , Gulf, and Pacific Goast prov- 
inces contain approximately 60° percent-of -the Nation's ‘eval: reserves on an 
energy basis.. This consists of 25 percent subbituminous coal, 20 percent 
lignite, and 15 percent bituminous cOal., Only a small: portion, of..the bitu- 
minous coal is coking, As shown in figure 4 and table 4, the lignite is 
principally in North Dakota and eastern Montana, the subbituminous coal in 
Wyoming, Colorado, and Washington and the bituminous coal in Colorado, Utah, 
‘ Wyoming, and Washington, os 


6/ Toenges, A. L., Davis, J, D., Turnbull, L, A., and Schopf, J, M., Reserves, 
Bed Characteristics, and Coking Properties of the Willow Creek Coal Bed, 
Kemmerer District, Lincoln County, Wyo.: Bureau of Mines Tech, Paper 
673, 1945, 48 pp. | eo : 

7/ Toenges, A, L., Turnbull, L, A., Davis, J, D., and Reynolds, D. A., Inves- 
tigation of Coal Deposits ‘in the Coal Creek District, Gunnison County, 
Colo, Progress Report 1; Bureau of Mines Rept, of Investigations 4104, 
AST, 19 pp. | | 
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TABLE 4, - Estimate of total coal reserves of United States, 


January 1,-1044, in billions of net tons+ 


Order | : | |Subbitu- [Equivalent 
of | Bituminous! minous {bituminous 
reserves State Anthracite coal coal |Lignite coal 
RIBDODA cs0s ee 0s = 66.5 ~~ a 69.1 
Idaho and Oregon! © - oT 1.8 - 2,0 
PEUEASAS . 3 acces | 0.2 ies | - Osd 2.6 
3 COLOPAGO <i si ee0% eas 212.6 | 104.0 - 296.4 
| GEOPEIA. ceseeeee| - JD = ” 
5 eet. sence! - drs - - ae 
SONA, covevece = 5 ® - - 53 6 
oe AA SOR, eo. 7 > -” 29.8 
BANDSG sé ss 6<-0 04s = | 29.6 = ~ 30,7 
6 RORGUGIY 6c ke saus | aad | i2Z3:.0 = ae Bhs 
ip A eoaaaiias 7 re | A | Se 
me oe ee aes ee er 
4 Montanae/....eee! - 2.6 62.8 215.5 | Stik 
New Mexico.eceee! = 18.8 16 . 20.9 
North Carolina,. | ~ | mi - - ot 
: North Dakota....| - | - - 600.0 | 309.2 
Gi Gsciecdaeaisins ora Oxat = _ 95.2 
Oklahoma... eeeveee = 54.7 - and | 56.8 
10 Pennsylvania.ecee 14.9 65.0 - - ! 82.0 
South Dakota... eo | = | - = L0 mS. 
Tennessee, cece! - | 2548 - - 26.1 
TOSAR ieeniwcass) | 8.0 - 22.9 19.9 
Utehseeereseeeee, = 87.9 | ‘Selb sa Dy 0.d. 
ViITPINI Bsc case se) ‘a | 20.5 - - 21,6 
Washington. ...ce! - ii | 52.4 - 49.9 
7 West Virginiase. | | 110.5 | =. - 118.0 
1  |Wyoming...scsees Z | 30.3 | 590.0 “ 426.6 
TOCA 6 t.4e6008 | at | 1330.0 818.0 939.5 2480.1 


Total, all ranks of coal = 3,103 billion net tons, 

1/ Investigation of Natural Resources: Hearings before a Subcommittee of the 
Committee on Public Lands, U. S. Senate, €0th Congress, May 15, 16, and 
20, 1947, pp. 232-234. 

2/ Combo, John X,, Brow, Donala M., Pulver, Helen F, and Taylor, Dorothy A., 
Coal Resources of Montana: U. S. Geol. Survey Circular 53, August 1949. 
Gives the following reappraisal figures: Bituminous coal, 2,362,610,000 
tons; subbituminous coal, 132,151,060,000 tons; lignite, 87 ,533,270,000 
tons, , 


It is interesting to note that on a heating value basis Wyoming has the 
largest reserves, consisting of 590 billion tons of subbituminous coal and 
30 billion tons of bituminous coal; North Dakota is second, with 600 billion 
tons of lignite; Colorado is third, with 213 billion tons of bituminous coal 
and 104 billion tons of subbituminous coal; and Montana is fourth, with 316 
billion tons of lignite, 63 billion tons of subbituminous-coal, and 3 billion 
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tons of bituminous coal. These four States contain 51 percent of the Nation's 
coal and lignite energy reserves. 


Alaska Coals 


Two fields of coking bituminous coal are known in Alaska. These are 
near the coast and are designated the Matanuska field and the Bering River 
field. Several small mines have been developed in the Matanuska field, 
which supplied the Alaska Railroad before it changed over to oil. The 
Matanuska coal is not desirable for metallurgical coke as, even after wash- 
ing, it contains 12 to 16 percent ash, The irregularity of the coal beds 
makes it very costly to mene 


The Bering River coal has never’ been developed, partly because of lack 
of harbor facilities near this region but also because of apparent irregu- 
larity, folding, and faulting of the beds.- Local metamorphism has changed 
some of the coal to low-volatile bituminous and to anthracitic coal. The 
low-volatile coking coal would be especially desirable for western steel 
plants if it could be nies to occur in sufficient amount to justify 
development. 


Interior Province ~_ 


The Interior RFrovince includes Iowa, Missouri, Kansas » Oklahoma, and 
Arkansas in the western region and Tllinois, Indiana, and western Kentucky 
in the eastern region, 


Except for some anthracitic coal in Arkansas, almost all of the coal in 
the western region of the Interior Province is bituminous and cakes to some 
degree, Good coking coals occur in Oklahoma and Arkansas, and these supply 
steel plants in Texas that were built during the war. Also, low-volatile 
bituminous coal has been shipped to the western steel plants in Utah and 
California for blending with Utah high-volatile bituminous coal to make 
stronger coke. The addition of about 15 percent of this low-volatile bitu- 
minous ccal to the oven charge greatly improved the physical properties of 
the coke. The percentage of breeze was mecnee’ materially. 


The epee coals are high-volatile bituminous coking coals, but most of 
them are too high in sulfw and ash to be desirable blast-furnace coke, and 
the same is true to a greater degree of the Missouri and Iowa coals, In 
northern Missouri and in Iowa the moisture and oxygen in the coals also in- 
crease to the point where they greatly reduce their coking properties... 


The eastern region of the Interior Provinces: although smaller in area, 
has much larger reserves of coal than the western region. Although all the 
coals coke to some degree, they have not, as yet, found much use for metal- 
lurgical purposes because of the generally high content of ash, sulfur, and 
oxygen. _ 

However, there are some good coking coals in limited areas in southern 
Illinois and. western Kentucky that are now being used or considered for 
i with meron quality mppeeacnten. coals. Next to these good coking 
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coals, there is available a large reserve of fair coking coals which undoubt- 
edly will come into future use as Appalachian reserves decline. Research on 
blending and coking treatment of these coals has been and is being conducted 
by the Illinois Geological Survey8/ and the see industry, 9/ 


Considerable progress also has ean aaa by. industry in the installation 
of mechanical washing and cleaning plants, .In 1946, 44 percent of the Illinois — 
and 49 percent of the Indiarm output was washed, as compared to 24 percent of 
the Pennsylvania and 22 percent of the West Virginia outputs in the Eastern 
Province, where. the coal is lower in ash. and sulfur content, These figures 
apply to all coal mined whether used for making coke or for other purposes, 
All coal mined in Colorado and used for the manufacture of coke was washed; - 
most of Tennessee's and Alabama's and about i aaa of Pennsylvania' S was. 
weshed before as eherece into ‘ovens. Y ‘ 


‘Eastern “Province Coals 


The Appalachian ean supplied 95 percent. of the coal coked in ‘1947. . 
Pennsylvania and West. Virginia 6ach supplied 35 percent, Kentucky, 14 percent, 
Alabama, 9 percent, Virginia, 2 percent, Utah, 2 percent, and Colorado l percent. 


West Virginia has the greatest reserves of the best grades and highest 
rank of bituminous coals of any State in the union, These excellent coking . 
coals extend into Virginia and'eastern Kentucky, Pennsylvania is second to © 
Virginia in reserves of high-, medium-, and low-volatile bityminous coking 
coals, Soe wee 


The geologically estimated’ coal reserves of Alabama are of about the same 
order as those of Pennsylvania, and they have supported the Alabama steel 
industry for a number of years. ‘However, these coale required washing to re- 
move ash-forming material. Thé test coking coals are in thé Warrior field, 
near Birmingham, The northwestern part of this field contains coals of : 
higher volatile matter and weeker coking properties. Also, the. coals in the 
other fields are of lower coking quality. Blending studies of these various 
coals should be undertaken to extend the life of the best coking coals by 
blending them with the inferior coals as far as era 


Reserves in beds of’ minable ‘thickness 20/,. - The geologically inferred 
bituminous-coal reserve of the entire astern Province is estimated at approx- 
imately 500 billion tons. © This figure appears very large and sufficient to 


8/ Reed, F, H., Jackman, H..W., Rees, 0. W., Yohe, G. R., and Henline, P. W., 
Use of Illinois coal f for Production of Metallurgical Coke: Illinois 
State Geol, Surv. Bull. 71, 1947, 132. pp. 

of Isenberg, N., and Sackeran. ‘Harold W., Investigation of Beckley Seam Coal 
Blended with Wheelwright Coal for Use in the Production of Metallur- 
gical Coke Under the Supervision of E. J. Gardner, Supt. of Blast Fur- 
naces and Coke Plant, Inland Steel Co., East Chicago » Ind,: 1945, 200 pp. 

lo/ For an excellent a@iscussion of the quality and estimated quantity of 
coking-coal reserves, seé article by F. M. Becker, Reserves and Future 
of Coking Coals in the United States: Proc. , Blast-Furnace, Coke-Oven, 
and Raw-Materials Committee of the Iron and Steel heal A.I.M.E., 
1947, pp. 3-22, a 
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last for thousands of years, However, closor examination greatly reduces 

this estimate; based on recoverable reserves under present-day mining prac- 
tice and standards of quality. The geologically inferred reserve estimates 
include beds down to 14 inches thick, depths as low as 3,000 feet, and ash 
contents up to 30 percent. Only l. 2° percent of the coal ana lignite mined 

in the United States in-1945 was obtained from beds less than 2 feet thick;12/ 
5.7 percent of the. production was obtained from beds 2 to 3 feet thick; 47, 6. 
percent from beds 3 to 5 feot thick; 27.5 percent from beds 5 to 7 feet thick; 
and 18 percent from beds 7 feet thick and over, Thus, we see that only 7 per- 
cent of the coal mined in 1945 came from beds less than 3 feet thick. In - 
1920, 6 percent of the production came from beds less than 3 feet thick. 

No material improvement has taken place in the recovery of coal from thin 
seams over a period of 20 years, and, unfortunately, a very large perks! of the 
estimated coal reserves ocazs in beds less than 3 feet thick. 


Ashley estimated that 45 percent of the remaining bituminous -coal reserves 
of Pennsylvania consists. of beds between.1 and 2 feet thick and that 29 percent 
is. included in beds above 2 feet in thickness. 12/ 


In view of this estimate, it seems -eeRaOHAB IS to assume that at least 50 
percent of the 500 billion tons of geologically inferred bituminous-coal re- 
serves of the Eastern Province is coal thicker than 2 feet. This would be 
250 billion tons, However, all of this coal will not be recovered. 


Recoverable reserves, - A field investigation, covering 10 States, of 
losses in mining bituminous coal was made by the United States Coal Commission 
and the Bureau of Mines in 1923.13/ In this study, the losses were classi- 
fied as "unavoidable" or as “avoidable without undue danger. to life, without 
undue labor per ton of product much in excess of that now prevailing in the 
bituminous mines of the country, and without serious damage to buildings and 
oe works on the surface." The unavoidable losses were found to 
average 15.3 percent-of the coal in the mines then operating, and the avoid- 
able losses “were. 19,4 percent, The total loss was 35 percent and the average 
recovery 65 percent. ; 7 : 


These losses referred only to current operations of active mines and 
Rensrere’ of: , | 


11/ ae W. i, and Anderson, R. L., Thickness of Bituminous Coal and 
Lignite Seams Mined in the United States in 1945: Bureau of Mines 
Inf. Circ. 7442, 1948, 17 pp. 

12/ Ashley, Geo. H., Chapter on Coal in "Pennsylvania's Mineral Heritage:" 
Pennsylvania Department of Internal Affairs, Bureau of Statistics, 
Topographic and Geologic Survey, Harrisburg, Pa., 1944, P. 83. 

13/ Rice, George S., and Paul; J. W., Amount and Nature of Losses in Mining 
Bituminous Coal in Eastern United States: In Report of U. S. Coal — 
Commission, pt, IIT,. 7 RD, pp. 1841- 1876. 
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Coal left on the roof and botton. 

Coal lost in room, entry, and panel pillars. 

Coal lost in pillars around oil and gas wells. 
- Coal ‘lost ‘under’ buildings, rallroade, and in boundary pillars, 
s/ Coal lost in handling’ and’ preparation,’ underground and surface. 
+ Coal. lost in rolls, thin or ania) areas. af 


Hee rWNH 
° a 


“ARios) Fielaner, eso: tn: 1936 called attention to additional 

: Vosges arid Arrecoverable coal, such as patches Of -uneconomically minable 
coal-left behind when a mine. is abandoned, areas so small.in extent or so 

‘dsolated that even for the future they give no promise of being mined eco- 

"nomically, and fracturing of overlying beds by prior mining of better or 

’ thicker seams lying a short distarice below. They considered the total amount 

abalone mcielass as’ ‘indeterminate but undoubtedly’ large. « Los 


Tt te not tein ahether the rently iieuueod qehan tration of coal 
miries Since. 1923 has increased or decreased mining losses; It is believed 
that the average recovery is no greater than it was 25 years ago and that the 


"additional: losses, not included in the Coal Commission's report, indicate an 


average recovery “Of 50 percent of the minable coal, “which would make the re- 
coverable cogl in beds over 2 feet thick’ about 25 percent of the 500 billion 
tons of Stes aan inferred reserves, or oe billion tons. 


“This is subject to further. Hie 5 because it includes coals with 
‘ash: ecntert up to 30 percent and no limit as to sulfur content and some poorly 
coking coals. Information is not available for eptimt ins the proportion of 
low-grade com ue coals. 


. . aed . fe Gee ae ceele ert 


| Beaervce of Seuereiati ie eer eet - An.especially important part 
of our. coking coal resources is the low-volatile bituminous coals, These are 
. inherently. the most valuable, of all ranks of coal because. of their high heat- 
. ing value, their semismokeless properties, -and. their: special coking value. 
: Admixture. of 15 to 30 percent of these coals: in.the coke-oven charge permits 


the use of high-volatile coals that: iby eee BE pouee: coke of inferior 
physical properties, Sane oe A 


Classification of all coal received for Sas in Gilets ovens in 
1947 showed.that 65 percent was high-volatile, 14 percent medium-volatile, 
and 21 percent low-volatile. Of 86 active coke-oven plants, 46 cerbonized 
blends of high- and low-volatile coals, 25 carbonized plends of high-, 
medium-, and low-volatile coals, 3 carbonized blends of medium- and low- 


Toletiie ; coals, and 2 planta. carbonized blends | of da and medium-volatile 
coals, se 3 - ; : 


| ‘with the low-volatile goats. comprising 21 percent of the coal used for 
coke production and. only 4 percent of the bituminous coal-reserves, it is 
Obvious that coal of this rank will. be exhausted . long before the high- 


= volatile coking coals are consumed, Therefore, let us examine more closely 


the | status of . the reserves of low-volatile coal. | 


Rice, George S., Fieldner, A..C., and Tryon, F. G., Conservation of Coal 
Resources: : Trans. , Third World Power Conference, Washington, D. Cz, 
1936, vol. 6, pp. 690-691. 

15/ Preprint from Bureau of Mines Minerals Yearbook, 1947: Coal-Anthracite, 

Cobalt, Coke, and Coal Chemicals, p. 413. 
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According to the U. S. Geological Survey, the original reserve of semi- 
bituminous, now called low-volatile bituminous coal, had the following 
distribution: 


Millions of 
net tons 
Pennsylvania. sccccccccscccccccnce 9,574 
Maryland, eccccvcccccccsccccsvcece 6 ,536 
West Virginia...ccsccccereeeeeess 29,800 
VAPEI NI Gc ccnseee eam ee sesieeee ewe 6 — 400 
AYKANGAB, co veroscccenrsrvccvesens - 1 226 
7 ORANGE. odecdecaGseuwed cscs aes 8 ,000 
Other SLATES sig t-te sisiee c's eee oes: , sk 


i TOLD Lg stsee eee kes saeee wees 50,370 


| Dividing this amount by 2 to allow for beds less than 2 feet thick, and again 
by 2 to allow. for mining losses; give 14 biliion tons, in round numbers, of 


19:7, However, this He not mean that we ‘havé a usable supply to last the 
country for this period of time; As shown in table 5, the consumption of 
low-volatile coal for coke ‘production virtually doubled in the 20 years that 
elapsed between 1927 and 1947; Also; its ‘use for otHer purposes increased 
in greater proportion. Increasing use will continue and greatly shorten the 
life of the reserves, ‘In addition, ‘the ‘origirial ‘inferred estimates may be 
too large, and no one knows ‘the ‘proportion of coal that is too high in ash 
or sulfur to be usable soy mere we tek eee coke. 


i 


TABLE 5. - Origin of coal received for coke production at Siishicett 


ovens in the United States, 1927 and 1947 


Thousands Percent 
of net tons cf total 
Source gery | ay ges | ok 
Low-volatile: | , 
AUKANBAG 5 s:0ic @ 64ieo5:90 54 06 eG ee 0b5 6s wees / 7 123 Se | O.1 
Maryland. ..cccsosccccsccccceseccsvsccees a 1 | he 1/ | i 
OR TANGA ocGsdo weeteasueleeieus ¢ o.6 6 eos eale we. Se 52 = O.1 
Penns yl VGN) ices eediiuws os o46%5.086 bee e ees: 2,025 3, 783 3.1 ! 3.9 
VIP 1 Oc ok 655 4es baGee baw ea ool Sa 54 1,091 ot 1.1 
West WameIN1G 5% davies ess 06s. e4ce es eee eeeesl 9,648 .15,482 ~=15.0 15.9 
11,728 | 20,573 | -18.2 | 21.1 
Medium-volatile: | 
AJA DAMA 6 iss cw dw owaese @@ COSC SSR HEH O HHH OS 6,308 8,064 9.7 | 8.3 
PY ROTIGE S o:dinra sors dieses ah wie Ow 60'S onion we ws = 57 5 ol 
G6Or 21 c6-5c.obs5 b.asouis ade a eee eae c bee os 46 i : O.1 a 
Ken Ucky case tsscessutaene sess se cueesoese: 730 174 1.1 | 0.2 
PENNS YI GN Oy634.5s 66s Sona ewes Sere esos 3,268 761 pres | ie 
TORNCSBES «6.6 451610 4.656560 a e's 056066 G bo 6508 108 : 136 oc | ot 
NAV QI Gd 6p owe. earwre Ste bow OO 06 Obs woe eee 27. 484 1/ | ) 
West VArginla.cccccccscccccvcsesccvececes 3 649 ThO Del 8 
7 os ge 43 bet e1.9 13.8 
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TABLE 5.'- Origin of ‘coal received for coke production at slot-type 
: ovens in the United States, 1927 and 1947 (Cont'd. ) 


Eee tehaclet a . Thonsands Percent 
= ” cc co" | of net. tons | ' of total 
Sorce. ha 1927 19h 
Righ-volatile: — _ a ea aL el a 

AVEDA <1. odancicerwasywetewee sone ce es 266 421. ~—60.4 0.4 
COLONES EOtictec twas ceceteeneess leet seee | OOO 907 Le 1.0 
Iilincis,.crescscnesacneeeensitesuiait ee 437° 505 wf 
Tndianasccececssesscedersesesessanssecsee | OG tas 8° 129. 1/ | med 
Kontuck/sseseacsescseseestecsereseserse | 8,630 Deer. 13.5 | 14.1 
New MEXICO, cwcccnvcdecccssccsccevesases. oe : ; 588 - | 6 
ONLOs socccvccvccccccssvesecccesesaceece |. . ‘1 — i 1/ | a 
OK ANOMEs 25 as icewes wc bas sede s cee aces =. | 83 _ °° | OL 
PennsyLVaniOscesessicevccascoceseoccese | 22,473 29,672 | 34.9 30.5 
PONNESSES cccceees veo oes ae ceaeeet Cee ees o a os 19 ,7 1 
UtAliis 2c sae cues eis emeaiene se ewec oes ; . 32h 2,i2e. 0.5 2.2 
We Pes I Aiea ceeied cou s5 6 we ceaeaesee eee, ~1,317 - 3 501 2.0 <> 
WOSHINGtONsciccce sesishcesecccceseeccesee ' 65° = io gd | _° 
West VATEIN1a. sds eeecrectecceesesseeees ie y ,089 14,664 6,3 155i 


38,596} 63,336] 59.9 65.1 


Grend Cobar a ceeb aa 64,460 OF ,325 100.0 100.0 


Total coal charged: i ee gine ge, Oe” |. a ae 
BOCHI VG: .@esecoswlecusse sb es sees eecece. ~11,208 © 10,475 
SlOt<CVeNs< sk cs suce sou swoew ke wceeeeeeee A 63-240. "Oh 587 | 
Pee POtAtE es say ela foe fee 6 6 wes ous eae. 7h ALB 105 , 062 
Total coke DYOAUCEO 5 css.beis ec cines o4sisesean 51,092 73,446 
Percent. _eoke. a OMe steep ees eb aeek eos 68 63 69.91 | 


1/ Less then 0.05 aie 


eo. ® © © © 2 © © 8 ee 


thirteen years ago, Rice, Tryon, and -Fieldner, -in:a paper on the conser- 
vation of coal resources. presented at the Third World ‘Power Conferérice © in 
Washington, meade, ae pres statements ae a el 

-~... tthe. finest. ‘Seams are. veing used up much faster than is 

supposed. Some, indeed, are nearly exhausted already, such as 

the Blossburg coal of Pemsyivania , the Sharon bed in northern _ 

Ohio, and those portions of the Brazil blotk seam of Indiana a 

thet are suitable for underground mining,” * The’ famous Moshannon __ 

seam in the basin-of that name in the’ Clearfield, Pennsylvania, 

district is virtually exhausted, and only’ a fow acres’ of virgin 

cogl remain in the celebrated Georges Creék ‘Big’ ‘Vein of. Maryland. 


have ‘short. expectation of life. The anthracite reserves of 
Pennsylvania are: 29° percent: exhausted, the low-sulfur coals of 
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southern Illinois have a distinctly limited life, The life of 
the famous Connellsville coking coal is placed at from 20 to 30 
years at 1929 rates of production, and that of the Pittsburgh 
bed in the State of Pennsylvania at 100 years, At 1929 rates, 
also, the reserves of the "smokeless" coals of southern West 
Virginia in beds of present workable thickmess and quality are 
sufficient to last but 85 years. Thinner beds in this area, as 
mapped by the State Geological Survey, contain enough coal for 
perhaps an additional 60 years. Even in the relatively more 
abundant high-volatile coal of the southern Appalachians, de- | 
pletion of the beds of highest value is becoming a factor to 
be reckoned with, The highest-grade gas and metallurgical 
coals in beds now commercially workable are 11 percent exhausted 
in Kentucky and 22 percent exhausted in southern West id os 
and Virginia.10/ | 


The heavy Aemact for ‘steel, with the ‘concomitant demand for coke of 
World War II, has made the situation with respect to good. coking coals more 
serious than visualized in this paper. The low-volatile blending coals were 
in especial demand, and this is being increased by the adoption of more severe 
smoke -abatement ordinances in the larger cities. St. Louis, Mo., and Pitts- 
burgh, Pa,, have prohibited the use of high-volatile coal in. furnaces unless 
they are equipped with mechanical stokers. This compels the use of smoke- 
less fuels in‘furnaces not so equipped, Low-volatile bituminous coal is 
' semismokeless, and its use is permitted, Considerable low-volatile smokeless 
coal is being "used for this purpose (probably twice the amount used for making 
coke), thus further reducing the reserves available for the production of 
metallurgical coke, 


_ According to Bureau of Mines distribution statistics, only about 25 per- 
cent of recent production of low-volatile coal is used in the manufacture of 
coke, About 50 percent is sold to the retail trade, and 25 Bones 18 used 
for other industrial purposes, 


Voskuil has called atientieh to this important aspect of the depletion 
of coking-coal reserves with respect to the quantity of coking coal mined and 
not used for the manufacture of metallurgical coke. He quotes a survey made 
by the Bureau of Mines of coking coal produced in 1940, which disclosed that 
counties producing coking coal shipped a total of 171 million tons of coal, 
of which 77 million tons was made into coke, This was only 45 percent of 
the total. | 


An examination. of coal production by counties in Pennsyl- 
_vania, West Virginia, and Alabama covering the period 1916 to 
1944 shows @ substantial decline in output in such important 

coal counties as Alleghany, Fayette, and Westmoreland in 
Pennsylvania, offset by an increase in practically all counties 
producing coking coal in West Virginia, Meanwhile, output in 
Alabama remained relatively unchanged. i7 


16/ Rice, George S., Fieldner, A. C., and Tryon, Ff. G., Conservation of 
Coal Resources: Trans., Third World Power Conference, Washington, 
D. C., 1936, vol. 6, pp. 679-680. | 

17/ Voskuil, Walter H., Coke - A Key Industrial Material: State Geological 
Survey, i T1l., Circular No. 127, p. 345. _ 
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In other words , Pennsylvania, has haa its best days. as a producer of coking 
.coals,. Depletion. of the best grades of coal compels the utilization of lower 
| grades , Of which there still remains a moderate reserve. 


The question has been. raised 1 as to wheather or not, coking coal should be 
eenseeaee for. coking purposes only and not nsed for heating where other coals 
cen be. used, ‘Such a national policy would appear desirable from the stand- 
. point of best utilization of our national fuel reserves, However, there are 
. serious difficulties in adopting such a plan of allocating fuels for various 
. uses in time. of peace. The same. suggestions have been made with respect to 
. preventing the use of petroleum and natural gas for stationary industrial 
heating. and power development. where. coal .can. be used, on the ground that the 
reserves of oil end gas are much smaller than those- of coal and that they 
have special uses for which coal is much less suitable, as for automotive 
transportation, in case. of. aa eee and eomvontont residential heating, 
.in case of Dear aes, - 


: "RESEARCH ON URILIZING ‘LOWFE -GRAIE AND LOWER “RANK COALS 


" Propabiy. the ‘ioat der Gaia. plan i: to poatinuest our present policy of 
allowing free ‘competition between-the different forms of fuel and encouraging 
research to, overcome the disadventages:of so-called inferior fuels, Such a plan 
is particularly applicable.to making use of. the lower ranks and lower grades 
-, of coking. coal of which there are large reserves:'in the. Fastern and Interior 
_ Provinces. °. These coalg canbe up-graded, more or: less,:.py suitable methods 
of washing and by blending them with appropriate high-rank coals, thus ex- 
tending the total reserves of usable coking coal, Industry already has 
- recognized this need and.is giving inereasing attention to preparation and 
PROREINS) by. eg s research | ‘and applying me results to operating practice. 


anova. in Coal Preperation. 


ae An outstanding example of utilizing. lower-grade coal is the recent devel- 
opment of the 25,000-ton-a-day Robena mine of the Hi C.. Frick Coke Co., in 

_ the relatively high-sulfur area of the Pittsburgh coal bed in Greene County, 
Pa. The coal as mined varies from.1 to nearly 3 percent sulfur content and 

- averages about 2 percent sulfur... Through installation. of a dense-media 
"float and sink" process and appropriate crushing of the coal, it is hoped 

to reduce the original sulfur to about 1.7 percent and the ash to about 7 
percent, 


= Lack .of material during the yar retarded the ‘instellation of coal-washing 
plants, and the: percentage. of metallurgical coal, that was washed increased 
only from: 28,2 areeae in. 1ptet: to 29.4 Percent, in 19h3. 


| ‘Since. ‘the war , the Bureau of. Mines hes: undertaken some field and labora- 
tory studies on the preparation: of: coking coal, This progrom is divided into 
two general divisions: (1) a survey of the washing characteristics of coals, 


ow te te 


.’ ‘py beds and mining’ fields, ‘and. (2).en experimental study of processes for 


separating the good. from: the Poorly cee constituents of coals of marginal 
oe ea a ee ee ee ee 
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Organic sulfur 


and content of 37 face samples 


- Variations in sulfur forms 


Figure 5 


of I-1/4- by 3/8-inch coal from the Shanopin mine. 
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A preparation survey of a 1 eee high-sulfur area of the Pittsburgh 
coal bed in Greene County, Pa.,10/ showed how variations in the forms of 
sulfur Occurring in the coal affected the practical problem or reducing - 
the sulfur content. Face samples taken at 37 locations in one mine showed 
irregular veriations in total sulfur content and in content of the varidus 
forms of sulfur. As illustrated in figure 5, the total sulfur ranged from 
@ minimm of 0.9 to a maximum of 3.4 percent, the organic sulfur from 047 
to 1.6 percent, the unremovable, finely divided, pyrite sulfur in the 
1-l/he-inch by 3/8-inch float coal from 0.1°to 0.9 percent, and the remov- 
able sulfur from 0,1 to 1:1 percent. Almost half of the samples showed - 
more than 1.5 peEcen st of Mar omovente ars and a. number of Las over | 
2 percent. 


These conditions presented a aurficult eile eaohiet.. for which the 
following not: wholly satisfactory solutions were Suggested: 


l. Separate, in mining, the coals from the high- and low-sulfur areas. 
Wash the low-sulfur coal at the usual 1.60 specific gravity, obtaining a 
single metallurgical product of about 1.4 percent sulfur and 88 percent 
recovery. Wash the high-sulfur coel separately at the same gravity, recover- 
ing 90 percent of a steam coal containing about 8 percent ash and 3 percent 
sulfur. 


2. Blend the high- and low-sulfur coals to obtain a uniform composition 
going to the preparation plant and wash it at about 1.35 specific gravity to 
obtain a metallurgical product; then rewash the refuse oat a higher gravity, | 
making a steam-coal product, or crush the refuse to about 100 mesh and clean 
by froth flotation vg obtain a metallurgical product, 


This study, made at the Shanopin mine in Greene County » is now elds 
extended to other high-sulfur areas in southwestern Pennsylvania, northern 
West Virginia, and southern Illinois, Special attention is being given to 
the marginal cools, which do not yield a metallurgical coal of satisfactory 
sulfur content by the conventional coal-washing processes. It is possible 
that two-step high- and low-gravity washing, resulting in a metallurgical-— 
and a steam-coal product, may eventually be developed for obtaining c worth- 
while yield of metallurgical cool from the high-sulfur areas of the Eastern 
ond Interior Provinces. 


Further improvement of the eaeebiiag developed dense-media "float-and- 
sink" washing processes probably will permit operation with coal of smaller 
sizes and thus obtain greater reduction of ash and sulfur than in the older 
processes. Research should be continued on an increasing ecale on the further 
improvement of preparation techniques and the consideration of radically new 
methods for the reduction of ash and sulfur in coal, 


Blending Coals for Coke Production 


Research also should be ‘greatly increased on blending our strongly coking 
coals with as much weakly coking coal as |_ possible 80 as to, utilize the large 


18/ Fraser, Thomas, and Crentz, W. L., Washing Characteristics of the 
Pittsburgh Coal in a High-Sulfur Area in Greene County, Pa,: Bureau 
of Mines Tech. Paper 689, 1946, 85 pp. 
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reserves of low-rank coking coals found in parts of the Appalachian Region 
and in Indiana, western Kentucky, and Illinois. We, must. begin to use these 
low-rank coals long before the high-rank coalg are exhausted,, otherwise we 
will not have any high-rank coals to blend. with them, . In most ‘cases, & 
better coke can be made by a judicious blend of two or three different Boone 
than can be made from any one of the three by itself, | 


The blending of. niah=" and low-volatile coal. is. common. eran eice in order 
to obtain a strong coke, ‘relatively. free from. ‘shrinkage cracks, and a minimum 
of coke breeze. In the puture, the problem of blending will de much greater 
owing to shortage of the most desirable coals. This need: ia being recognized 
by industry, and much more attention is being given to research with experi- 
mental small and full-scale ovens, primarily for the determination of the 
physical properties of cokes obtainable with various. blends of coals. This’ 
includes research on the expanding properties. of the coal charge and. the - — 
effect of various size consists of the charge. 


Some years before the begiming of World War ‘Tr, the Bureau of Mines, 
in cooperation with the American Gas Association, atarted. an experimental. 
study of the properties of American coals for making gas, coke, and chem- 
ical products. A method using 100 to 200 pounds of coal heated in a cylin- 
drical iron retort was developed, ‘This procedure, known as the Bureau of 
Mines-American Gas Association (BM-AGA) method, was applied to a survey of _ 
American coals, and a number of publications of the Bureau have been issued 
that give the yields and quality of the products. obtained at various carbon- 
ization temperatures ranging from low- to high-temperature practice... These © 
data were of immediate value when it became necessary to seloct coking coals’ - 
from the Oklahoma-Arkansas field-for supplying. the wartime blast furnaces” | 
and coke-oven plants installed in Texas, 


The Bureau of Mines has installed experimental slotetyps. ovens. of -about 
400 ae coal capacity at the Golden, Colo,, Tuscaloosa, Ala., and Pitts-— 
burgh, Pa., experiment stations for conducting blending experiments with | 
special reference to. the physical properties of the resulting coke, - Ovens: 
of this size and type have been found td give results approaching those. 
obtained in commercial-scale ovens, At Tuscaloosa, studies are being started - 
on blending the strongly coking coals of the southeastern portion of the 
Warrior field with the weaker coking coals of the western and northwestern . 
parts of the field. Such blending will be necessary in the ove as me 
reserves of the better Scare become depleted. oe : 

The Golden, Colo., eavininental oven is, planned. for aim lar wee on 
western coking coals.- At this station, also, some work is eas under taken 
on blending noncoking pees ‘coals: with good-coking coals, 


As previously stated, the T1linois Gedlogical Survey and the steel: 
industry operating in Illinois and Indiana are actively interested in blend- 
ing high-oxygen Illinois coal with the stronger-coking coals of castern 
Kentucky and West Virginia to obtain a satisfactory metallurgical coke. 
Experiments on making a low-temperature carbonization product from Illinois. . 
coal as a substitute for low-volatile bituminous coal are now in PLOTS ataes: 


eee wot me © tee cee 
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Urbana, Ill. Likewise, the Russel119/ expansion oven developed by the Koppers 
Co. has been installed at a number of coke-oven plants where -its'use has facil- 
itated practical blending studics., As a rosult-or developments in washing and 
blending methods, great progress will be made in the next decace ’ in es 
our coking- coal reserves: to the panes ranks of cokme cones a 


SURVEY oF MINABLE RESERVES OF ‘COKING cos 


One of the ast important cee aee. poe es. aveumacel. to carry. out in the 
immediate future is a renppraisal-of- the nationa] coal reserves in much grcatcr 
deteil then the previous one made mny years ago by M.-R. Campbell of the U.S. 
Geological Survey. Hc did most of his work before the first World War with 
comparatively little helv and with considerably fewer data from. exploratory 
drilling and opcrating mines. than have become available in recont years. 

Most of his estimates were bascd on. geological inferences, and ‘experience » 

has shown thet they tend .to be HOO one rather than oe eas : 


Andrew B. crichton,22/ of of Johnstows, ‘Pas, pelievds that the: epiead. | 
Campbell estimates are much too large and has pointed out that an unknown but 
large portion of the coal included - in- these estimtcs is not economically 
minable by methods now known. He'suggests that recoverable and usable coal 
may comprise as little as 10 percent of the geologically inferred deposits 
as now given. 


Following presentation of this paper, the American Institute of Mining 
and Metallurgical Engineers apvointed a committee of geologists and mining 
engineers, under the chairmanship of Henry F. Hebley, to investigate the . 
possibility of inst itut ing a& new survey of the national coal reserves. 

About the same time, the National Bituminous Coal Advisory Couricil to the 

Devartment of. the Interior set up a Coal Resources Committee, with the late: | 
Charles-O'Ncill-as chairman, to consider the same problem and prepare recom-_ 
aan to the ee hen oe the Interior for carrying out the surveys | 


Joint ieeeines of both committecs were held with bere penicteeas of the 
peonoesch* Survey and the Bureau of Senta who already were engaged in expand- 
tions. The Geological Survey work at that time was largely on western coals, 
and the Bureau of Mines had just started on a survey of the minable reserves 
of coking coal in the Appalachian region as determinable from examination of 
core-drilling and other’ oats he1d by mining and ° land companies and other 
agencics. — 


A plan of camepiaete ‘out these surveys was agrecd' upon at these acute | 
and the Intcrior Department , through the Geological Survey and the Bureau of | 
Mines, is well started or the new survey. | 


-19/ Russell, C. Ce, Measttrement of Pressure Developed During the earbonize: 
tion of Coal: A.I.M.E. Tech. Pub. 1115, 1939, 4 pp.; Trans., Coal 
- Div., vol. 139, 1940, pp. 313-327. | 
20/ Crichton, Andrew B., How Much Coal Do We Really Have?) The Necd for An 
Up-to-Date Survey: Paper presented at tho February 1943 A.I.ME. | 
Meeting, New York, N.- Ys; AsI.M.E.: Coal Technology, Tech. Pub. 2428, 
»  -—- August: 1948, 12 pp. Trans., Coal Div., vol. 177, 1948; pp. 26-38. 
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The first vart of the Bureau of Mines investigations will include all 
of the bituminous coals of the Eastern Province, as all of them coke to some 
degree. This will be followed by a similar survey of the. Interior Province 
coals, and finally the fields of coking coal in the Rocky Mountain and 
Pacific Coast Provinces will be examined, The results of the study will be 
published on @ county basis, giving the tcnnages of each bed of coal in 
thickness grovps of 14 to 28 inches, 25 to 42 inches, and over 42 inches. 
Also, the thickness of overburden, the ranges of quality, and the amounts. 
mined out, if determinable, will be given for each bed, The reserves will 
be reported in three classes, namely, measured (proved), indicated (probable), 
and inferred (possible). 


At the present time, the Bureau has five survey teams in the field - two 
in Pennsylvania, two in West Virginia, and one in Kentucky. On the basis of 
this work, coordinate studies will be made in the laboratory at Pittsburgh, 
Pa., On washability and coking properties of coals on which few commercial 
data are available, or coals of marginal character that might be considered 
for future use with proper preparation or blending. 


The Bureau of Mines and the Geological Survey are working in close 
cooperation in these surveys, as both agencies are needed for a complete 
appraisal of the deposits, their quality, and their recovery. 


Summary 


In summarizing the subject of coal for coke production, it may be said 
that in comparison to other countries the United States is fortunate in 
having large coal resources many -of which are suitable for the producti 
of metallurgical coke, Twenty percent of the total reserves, on a heating- 
value basis, occur in the Zastern Province, and another 20 percent in the 
Interior Province. Most of the Kastern Province and especially the Appalachian 
region coals are strongly coking. The Interior Province coals are medium to 
weakly coking, and many of the deposits have a high ash and sulfur content. 
Only minor deposits of western coals are coking. 


Ninety-five percent of the coal coked in 1947 came from the Eastern 
Province, in which the geologically inferred total coal reserves are esti- 
mated at. 500 billion tons. Probably 25 percent of this, or 125 billion 
tons, may be considered as recoverable from beds 2 feet or more thick. 

The amount in thick beds, such as are being mined at present, is consider- 
ably less, and a further material deduction must be made for high-ash and 
high-sulfur coals that cannot be washed down to suitable percentages for 
metallurgical use. The actual available reserve under present mining and’ 
motallurgical practice is not known, but it is known that many of the best 
beds in Pennsylvania have been ‘exhausted and that the stecl industry is 
beginning to use notablo. amounts of lower-grade coking coals, which require 
the best possible clcaning to reduce the sulfur content to a reasonable amount, 


The future calls for much research to ‘develop more effective methods for 
removing ast'-forming matcrial and sulfur from low-grade coals not amenable to 
present methods of preparation. This will be required for utilizing the high- 


sulfur coals of southwestern Pennsylvania, northern West Virginia, and Ohio in 
the Appalachian region, and to a much egrcatcr extent in the Interior Province. 
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Likewise, the depletion of the beds of strongly coking coal makes it 
necessary to increase the practice of blending high-rank with low-rank coking 
coals before the limited reserves of high-rank coals become exhausted, 
Fundamental research on the chemical and physical mechanism of the coking 
process also will aid greatly in finding means of making good coke from the 
larger reserves of poorly coking high-oxygen coals of the Interior Province. 


The most disturbing factor in the coking coal-reserve situation is the 
limited supply of low-volatile bituminous coal essential for blending with 
most high-volatile coals for making a good metallurgical coke, Only 4 per- 
cent of the bituminous-coal reserves of the United States consists of low- 
volatile coal, increasing proportions (three times the amount used for coke 
production) of it are being used for fuel purposes because of its semismoke- 
less properties, Its comparatively early exhaustion will require the devel- 
opment of a substitute, which probably can be done partly, at least, by the 
lower-temperature carbonization of high-volatile bituminous coal, 


Fortunately, experiments along this line are in progress in this country 
and abroad. However, the cost of the artificial low-volatile coal will be 
greater than that of the natural material. 


It is to be regretted that realistic figures on measured or even indi- 
cated reserves of coking coal are not available, However, a survey to obtain 
such data is now being conducted by the Bureau of Mines and the Geological 
Survey of the U. S. Department of the Interior. The first publication cover- 
ing part of the low-volatile bituminous-coal area of central Pennsylvania 
probably will be issued in about 6 months, and in a few years we will know 
the answer to Andrew B, Crichton's question: “How much coal do we really 
have?’ 
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